INTRODUCTION
Pallister-Killian syndrome is a sporadic multiple congenital anomaly syndrome with highly distinctive clinical features and associated mental retardation. It was first described in 1977 by Pallister et al. in two adults, and independently reported in 1981 by Killian and Teschler-Nicola in a 3-year-old girl. 1 We report the first documented case in Singapore.
CLINICAL REPORT
Our patient was a 2640-g Chinese girl born by normal vaginal delivery at 38 weeks' gestation to nonconsanguineous parents, a 35-year-old gravida 2, para 1 mother and 34-year-old father. Antenatal ultrasound at 19 weeks showed left diaphragmatic hernia and polyhydramnios. The fetal blood karyotype was normal, 46, XX.
The APGAR score was 5 at 1 minute and 8 at 5 minutes. She was intubated and mechanically ventilated from birth. Her postnatal course was stormy and complicated by persistent pulmonary hypertension of the newborn, requiring maximal ventilatory settings and intravenous magnesium sulphate infusion for 10 days. She had systemic hypotension treated with volume expansion as well as dopamine, dobutamine, and isoprenaline infusions.
The diaphragmatic hernia was repaired on day 5 with a Gortex graft, as the defect was large. The left lung was found to be hypoplastic with the entire left hepatic lobe, spleen, stomach, and splenic flexure in the left hemithorax. The baby was ventilated for a total of 31 days and then placed in hood oxygen until day 54.
Dysmorphic features noted at birth included frontal bossing, patchy frontotemporal alopecia, upturned nares, long philtrum, large median cleft palate, hypopigmented skin whorls on her trunk and limbs, and rhizomelic shortening of both upper and lower limbs.
Two-dimensional echocardiography showed a structurally normal heart and evidence of pulmonary hypertension. The corpus callosum was present and no gross abnormalities were seen on cranial ultrasonography. Brainstem-evoked audiometry revealed bilateral profound sensorineural hearing loss. The postnatal karyotype from peripheral lymphocytes on day 2 was normal, 46, XX.
She was discharged on day 67. The cleft palate was repaired at 9 months. There were four episodes of bronchiolitis in early infancy and she received inhaled corticosteroids for 6 months. She was also noted to have nystagmus on ophthalmological follow-up. No seizures were reported during follow-up. Her growth curve is below the third centile, indicating failure to thrive. She has global delay in development and is presently attending the Early Intervention 
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Program for Infants and Children at a special school. At 2 years, her motor development is equivalent to that of an 8-month-old, while her social and communication skills are equivalent to that of a 12-to 15-month-old. Her parents have been counselled regarding the poor developmental outcome. A skin biopsy was taken from a hypopigmented patch on her leg at 3 months of age, after obtaining parental consent. The specimen was disaggregated in collagenase overnight and then set up in T25 culture flasks for long-term culture for cytogenetic analysis. The fibroblast cultures were fed in media after 4 days of initiation, after which they were monitored daily and harvested when the mitotic activity was sufficient to obtain suitable metaphase spreads for chromosomal analysis. Standard G-banding techniques revealed a mosaic karyotype, 47, XX, +i(12)(p10) [24] /48, XX, + +i(12)(p10) [7] /46, XX [17] . Tetrasomy for the short arm of chromosome 12 [ +i(12p)] was documented in half the cell population (24 of 48 cells) analysed, two supernumerary isochromosomes [ ++i(12p)] in seven cells, and a normal female karyotype in 17 cells (Figure 1 ). Fluorescence in situ hybridization (FISH) with Coatasome 12 (Oncor, Gaithersburg) confirmed that the supernumerary marker chromosome was isochromosome 12p (Figure 2 ). Both parents have declined karyotyping.
DISCUSSION
The diagnosis of Pallister-Killian syndrome in our patient was suspected because of her clinical features, despite normal karyotypes obtained from peripheral lymphocytes both prenatally and in the immediate postnatal period. Although no single malformation is pathognomonic, the clinical features are highly distinctive. These features include a coarse facies, with the coarseness becoming more pronounced with age, pigmentary skin anomalies in the form of patchy streaks of hypopigmentation, localized frontotemporal alopecia, profound mental retardation, and the relatively frequent occurrence of diaphragmatic defects and supernumerary nipples. 2 Congenital diaphragmatic hernia is considered to be a highly specific and frequent finding in Pallister-Killian syndrome 3 and is often the cause of early postnatal death. The diagnosis may therefore be missed in many newborns with this malformation, who die early and do not undergo fibroblast chromosome examination after a normal blood lymphocyte karyotype.
Pallister-Killian syndrome may be mistaken for Fryns syndrome because of phenotypic similarities, including coarse facies, cleft palate, and diaphragmatic hernia. It is important to make this distinction because of the implications for prognosis and recurrence risk. Fryns syndrome is usually lethal and as the mode of inheritance is autosomal recessive, the risk of recurrence is high. 4, 5 Babies with Fryns syndrome commonly have distal digital hypoplasia (100%), genitourinary defects (86%), central nervous system (50%) and cardiovascular malformations, and cloudy corneae. 6 The natural history of Pallister-Killian syndrome is that many are stillborn or die in the neonatal period. It has a poor neurologic prognosis with profound mental and motor retardation from early infancy. Survivors are frequently bedridden and most will never talk or become continent. Pallister-Killian syndrome is cytogenetically characterized by mosaic tetrasomy of isochromosome 12p or i(12p). This mosaicism is detectable only in certain tissues, hence the term tissue-limited or tissue-specific mosaicism. Factors influencing the presence of i(12p) include tissue type and in vitro and in vivo age. 8 i(12p) is found in a high percentage of fibroblasts, but only infrequently in lymphocytes. The incidence of metaphases containing i(12p) has been reported to be 0% to 2% in lymphocytes, 50% to 100% in skin fibroblasts, and 100% in amniocytes. 9 Fibroblasts cultured from areas of altered pigmentation are said to yield a higher incidence of i(12p) metaphases. 10 Mosaicism has also been seen in cells from lung, liver, testes, and spleen. The percentage of tetrasomic cells does not correlate with severity of the syndrome, the patient's longevity, or degree of mental retardation. Tissue-limited mosaicism in Pallister-Killian syndrome has been postulated to be due to in vivo and in vitro selection against i(12p)-positive cells. The loss of the i(12p) with increasing age of the patients is a well-known phenomenon. Newborns are reported to have 100% i(12p) cells on direct bone marrow analysis. 9, 12 However, in one case of a 3 1/2-year-old patient with Pallister-Killian syndrome, only 6% of cells was found to have an i(12p) by direct bone marrow analysis, 13 indicating appreciable in vivo loss of i(12p) with aging. Skin fibroblasts have been consistently reported to show a relatively high rate of i(12p), possibly due to its slow turnover rate in vivo, compared to hematopoietic cells. However, skin fibroblasts might be influenced by in vitro selection against i(12p) during culture as several weeks are necessary for cytogenetic examination.
14 This is borne out by the decrease of this cell line in consecutive subcultures.
Tissue-limited mosaicism has been reported in mosaic tetrasomy 5p, 15 8p, 16 9p and 18p. 17 True mosaic trisomy 2, 5, 16, and 22 have also been described. 18 All reported cases of Pallister-Killian syndrome have occurred sporadically. Wenger et al. 19 have reported that advanced maternal age is a risk factor in the origin for i(12p). A recent review by Struthers et al. 20 also showed that in all but one case, the errors were maternal in origin. It is presently unclear when these errors occur.
Prenatal ultrasound indicators for Pallister-Killian syndrome are diaphragmatic hernia, polyhydramnios, and short femurs. 21 If these features are seen, then the procedure of choice for obtaining tissue for chromosome analysis would be amniocentesis because amniocytes are sloughed fetal skin or urinary tract cells. Endodermally and ectodermally derived amniocytes are very useful in the exclusion of mosaicism and sometimes easier to obtain than a postnatal skin biopsy, as reported by Day-Salvatore et al. 7 Amniocentesis, but not percutaneous umbilical blood sampling, would probably have yielded a prenatal diagnosis in our patient, as in theirs. The fetal facial profile has recently been reported by Paladini et al. 22 to represent an important ultrasonographic marker of Pallister-Killian syndrome, the features described being a small nose and a thin upper lip with a protruding lower one. Prenatal ultrasonographic recognition of these malformation patterns may also allow the utilization of FISH. Mowery-Rushton et al. 23 have recommended that all cases of prenatally detected diaphragmatic hernia be tested for PallisterKillian syndrome using interphase FISH on uncultured amniocytes. i(12p) is detectable in first-trimester chorionic villi. 24 However, little information is available in the literature about the frequency of detecting i(12p) and it is unclear if chorionic villous sampling is a reliable method of prenatal diagnosis for this disorder. 11, 25 Similarly, the diagnosis of Pallister-Killian syndrome may be missed postnatally, and recognition of this clinical syndrome is important so that tissues other than blood, such as skin, umbilical cord, or bone marrow, can be utilized for chromosome analysis. FISH using chromosome 12-specific DNA probes has been used successfully to detect i(12p) in fibroblasts. 26 Detection of i(12p) using direct buccal smear preparations by interphase FISH has also been reported to be a rapid, effective, and noninvasive method for confirming the diagnosis of Pallister-Killian syndrome. 14, 27 The high rate of i(12p) in buccal mucosa (more than 50%) may be a reflection of minimal selection against i(12p)-positive cells in the tissue through the process of cell divisions either in vivo or in vitro because of its slow turnover rate in vivo and direct analysis without culturing in vitro. Hypopigmentation distributed in whorls along the lines of Blaschko, sometimes termed hypomelanosis of Ito, was seen in our patient (Figure 3) , as well as previous reports of Pallister-Killian syndrome. Sybert has reported that of 115 cases reviewed with hypomelanosis of Ito, 60 had abnormal chromosome constitutions. Most patients were mosaic for aneuploidy or unbalanced translocations, with two or more chromosomally distinct cell lines either within the same tissue or between tissues. 28 Karyotyping of blood and, if necessary skin, to detect mosaicism is therefore warranted in all patients presenting with unexplained swirly pigmentary changes, as this appears to be a nonspecific clinical marker for chromosomal mosaicism, 29 particularly if an undiagnosed multiple congenital anomaly syndrome and developmental impairment are present as well.
14

CONCLUSION
Diagnosing tetrasomy 12p mosaicism is important so that family members can be informed, firstly, of the poor long-term neurologic prognosis, and secondly, that there is no increased risk of recurrence.
The clinical recognition of congenital malformation patterns both pre-and postnatally may lead to the selection of the appropriate tissue type for chromosome analysis. This is especially important in the diagnosis of diseases with tissue-limited mosaicism.
